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(57) Abstract: A tube reinforcement 
assembly (100) is designed to reinforce 
complex tube structures, such as those 
having bends or varying inner diameters. 
The assembly includes a carrier (102) and 
a plurality of spring-biased, deflecting 
wings (104) around the carrier. The 
wings have structural foam layers (106, 
108) on both surfaces that expand when 
heated. In one application, the wings of 
the assembly are compressed so that the 
assembly can fit around bends and narrow 
areas within the tube. Once the assembly 
is in its desired position, the structural 
foam is expanded and cure so that one 
expanded foam layer presses against the 
inner wall of the rube structure and the 
other expanded foam layer presses against 
the carrier of the reinforcement assembly. 
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TUBE REINFORCEMENT WITH DEFLECTING 
WINGS AND STRUCTURAL FOAM 

TECHNICAL FIELD 

5 The present invention relates to tube reinforcements, and more particularly to a tube 

reinforcement designed for complex tubular structures and having at least one deflecting 
wing for holding the reinforcement in place within the tube. 

BACKGROUND ART 

10 Tube structures are used in many applications, such as in automobile A-pillars, B- 

pillars, C-pillars, the hinge pillar area, rocker panels, the wheel hub area, motor rails, and 
similar structures. In these tube structures, it is often desirable to place reinforcements at 
selected areas for added strength. In more complex tube structures, however, it can be 
difficult to place a reinforcement at a desired location because of bends and varying cross- 

1 5 sectional areas in the tube cavity. Any reinforcement inserted into the end such a structure 
needs to be small enough to fit through the tube cavity along the length of the tube, including 
the bends and smaller cross-sectional areas, and yet still be able to stay in place at a desired 
reinforcement location, even if the cross-sectional area at the desired location is larger. 
Currently known reinforcements cannot be adjusted to accommodate varying tube cross- 

20 sectional areas, and as a result the reinforcement will either be too large to pass through 

smaller areas of the tube to reach a desired location or too small to stay secured at the desired 
location once it is positioned. 

Structural foam can be used to create a reinforcement assembly that conforms to the 
tube cavity and that provides even dispersement of forces along the foam. Placing and 

25 keeping the foam at the desired reinforcement location before the foam has been expanded 
and cured, however, still can be difficult for the reasons noted above. 

There is a need for a reinforcement assembly that is small enough to fit around curves 
and through smaller tube dimensions in a tube structure, yet will not shift position once it is 
placed at a desired location within the tube cavity, even if the tube structure is moved before 

30 the structural foam on the assembly has been expanded and cured. 

SUMMARY OF THE INVENTION 
The present invention is directed to a tube reinforcement assembly for reinforcing 
complex tube structures, particularly tube structures having bends and/or varying cross- 

1 
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sectional areas in the tube cavity. The assembly includes a carrier and one or more deflecting 
wings arranged around the carrier. The carrier is preferably smaller than the smallest cross- 
sectional area of the structure to be reinforced to ensure that the assembly can move through 
the tube structure's cavity to reach a desired reinforcement location. The deflecting wings 

5 are moveable between an extended position and a compressed position and are biased in the 
extended position, ensuring that the spring forces in the deflecting wings will hold the 
assembly at a given location once it is placed there, regardless of the tube cavity cross- 
sectional area at that location. An expandable structural foam layer is disposed on one 
surface of at least one wing, and preferably on both surfaces of the wing. When the inventive 

10 reinforcement assembly is inserted into a tube structure, the deflecting wings move toward 
their compressed position if the tube cavity size decreases, allowing the assembly to pass 
through tighter areas and around curves in the tube cavity, if needed, without getting trapped. 

Once the reinforcement assembly is placed at the desired reinforcement location, the 
spring-biased wings press against the inner walls of the tube cavity to hold the assembly in 

15 place before the foam is expanded. The wings act as retainers so that the assembly will not 
shift from the desired position if the tube structure is moved before processing has been 
completed (e.g. before the structural foam has been expanded to fill the tube structure). The 
tube structure and the reinforcement assembly is then heated so that the structural foam 
expands to fill at least a portion of the tube cavity so that the assembly is rigidly held in place. 

20 If the structural foam is applied to both surfaces of each wing, one foam layer will expand 
between the wing and the inner wall of the tube and the other foam layer will expand between 
the wing and the carrier of the reinforcement assembly. In one embodiment, the expanded 
foam bonds to the inner wall. As a result, the present invention can reinforce complexly- 
shaped tubes simply and efficiently. 

25 

BRIEF DESCRIPTION OF THE DRAWINGS 
Figure 1 is a perspective view of one embodiment of a reinforcement assembly 
according to the present invention; 

Figure 2 is a section view of the reinforcement assembly taken along line 2-2 in 
30 Figure 1 ; and 

Figures 3 through 5 are cutaway views of the reinforcement assembly along line 2-2 
in Figure 2 illustrating how the reinforcement assembly is placed and retained inside a rube 
" cavity. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Referring to Figures 1 and 2, a reinforcement assembly 100 according to the present 
invention includes a center carrier 102 and one or more deflecting wings 104. Although 
Figure 1 shows an embodiment where the carrier 102 has a square cross-section, the carrier 

5 102 can have any cross-sectional shape and size and therefore can be shaped according to the 
specific application in which the assembly 100 will be used. The deflecting wings 104 are 
movable between an extended position, where the wings 104 are farthest away from the 
carrier 102, and a compressed position, where the wings 104 are pressed inward toward the 
carrier 102, such as by the inner walls of a tube structure to be reinforced, as indicated by 

10 arrows shown in Figure 2. The wings 104 are preferably spring-biased toward the extended 
position to ensure secure positioning within the tube structure once the assembly 100 is 
placed in the cavity. The spring-biasing characteristics are preferably provided by the 
properties of the material forming the wings 1 04 themselves, rather than from a separate leaf 
or coil spring under the wings 104, to minimize the number of components in the assembly 

15 100. For example, as shown in Figure 2, the wings 1 04 are bent slightly outward from the 
carrier 102, biasing the wings 104 in the extended direction. As a result, any inward pressure 
against the wings 104, such as from a smaller tube cavity, will cause the wings 104 to exert a 
counteracting force inside the tube cavity, pressing the wing 104 against the inner walls of the 
tube. 

20 The carrier 102 and the wings 104 can be made of any stiff material that is appropriate 

for the application in which the assembly 1 00 will be used, such as nylon, steel, or aluminum. 
The wings 104 can be attached to the carrier 102 by any known means appropriate to the 
material or materials used to construct the components of the assembly 100. In a preferred 
embodiment, the carrier 102 and the wings 104 are formed as a one-piece, unitary structure 

25 from injection molded polymer, such as nylon. Other possible assemblies include molding 
the assembly 100 as two separate pieces and snapping the two pieces together in a clamshell 
fashion, or by attaching the wings 104 to a circumferential ring (not shown) and then 
attaching the ring, with the wings 104, to the carrier 102. 

The geometry of the carrier 1 02 and the wings 1 04 is not limited to the configuration 

30 shown in Figures 1 and 2. The carrier 102 and wings 104 can have any shape and can be 
customized to fit the tube structure being reinforced. Further, the wings 104 do not have to 
be symmetrically spaced around the carrier 102 and can even have different curvatures, again 
"depending on the geometry of the tube structure being reinforced. The wings 104 themselves 
can be planar, curved, or even have multiple curves. Because of the flexibility and 
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adaptability of the inventive assembly 100, a user can select the best configuration, carrier 
102 shape, wing 104 shape and curvature, number of wings 104, and wing 104 arrangement 
to allow the best articulation of the wings 104 within a particular tube cavity configuration. 
The carrier 102 preferably is made of a material and/or has a construction that has a 
5 high stiffhess-to-mass ratio and that is durable enough to withstand hostile environmental 
conditions, such as those commonly encountered in automotive assembly plants and during 
the vehicle's service life. The wing 104 material should be selected not only based on its 
spring characteristics, but also on its moldability, stiffness, and durability. The wings 104 
can be made of a polymer, polymer composite, or a metal. If a polymer is used for the wings 
10 104, the material's glass transition temperature should be higher than the highest temperature 
that the material might encounter during use. This is to ensure that the wings 104 do not 
plastically deform during installation into a vehicle and thereby fail to function adequately as 
springs. Note that the material only needs to be stiff enough to allow the spring forces in the 
wings 104 to maintain the assembly 100 in the tube structure once it is in place. 
15 If a metal is selected for forming the wings 104, the same principles for material 

selection apply. In addition, if a metal is selected, the material and design choice should be 
selected so that the carrier 102 and cavity do not form a galvanic cell. As noted above, the 
wing 1 04 only needs to be stiff enough and have enough spring force so that the assembly 
100 stays in place within the tube cavity once it is positioned. Regardless of the specific 
20 material used to form the wings 104, the wing 104 material preferably has a strain to failure 
of at least 5% to minimize the possibility of fracture when the wing 1 04 is moved from its 
extended position to its compressed position. Note that the wings 104 and the carrier 102 do 
not have to be made of the same material; for example, the carrier 102 can be an aluminum 
extrusion while the wings 104 are formed from injection molded nylon and attached to the 
25 aluminum extrusion via the circumferential ring. 

In the preferred embodiment, first and second structural foam layers 106, 108 are 
applied on either side of each wing 104, as shown in Figure 2. The structural foam selected 
to form the layers 106, 108 should have expansion characteristics that allow sufficient 
electrocoat drainage and even electrocoat deposition in the tube cavity, before the structural 
30 foam is expanded, and still expand sufficiently during the curing process to create and 

maintain secure contact between the expanded structural foam and the tube cavity wall. The 
bonding characteristics of the foam can be provided either by the foam formulation itself or 
through a separate adhesive layer disposed between the foam and the tube cavity. Preferred 
structural foams can expand up to 200% or more of its original volume. Materials having 
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higher expansions can be used with the understanding that higher expansions may result in 
reduced reinforcement capability. More than one type of structureal foam may be used to 
create a part. Once the structural foam layers 106, 108 have expanded, the density of the 
expanded structural foam is preferably less than the density of the carrier 102 and wings 104 
5 to minimize the weight of the assembly 100. Further, the expanded structural foam should 
not experience large changes in stiffness over the temperature range defining the operating 
environment of the assembly 1 00. 

More specifically, the preferred structural foam comprises a heat-activated, thermally 
expandable polymeric formulation. Examples of a base materials that can be used in the 
10 formulation of the foam layers 106, 108 include ethylene copolymers or terpolymers, and 
monomers that may be used to create the polymer, for instance, vinyl acetate, methylacrylate, 
ethyl acrylate, and alpha-olefms. As a copolymer or terpolymer, the polymer is composed of 
two or three different monomers, i.e., small molecules with high chemical reactivity that are 
capable of linking up with similar molecules. 
15 An acceptable foam layer 106, 108 may also be formed from materials that include an 

epoxy-based structural foam. These structural foams typically include a polymeric base 
material, such as an epoxy resin with a possible addition of an ethylene-based polymer which, 
when compounded with appropriate ingredients, expands and cures in a reliable and 
predictable manner upon the application of heat. From a chemical standpoint, it is 
20 noteworthy that prior to curing the foam is usually initially processed as a thermoplastic 
material. Following curing, the foam typically becomes a thermoset material by way of a 
cross-linking process. Preferred structural foams include epoxy-based structural foams such 
as L-5204, L-5205, L-5206, L-5207, L-5208 or L-5209, available from L&L Products. 

While preferred materials for forming the foam layers 106, 108 have been disclosed, 
25 the foam layers 106, 108 can instead be formed from other materials as well, provided that 
the material is heat-activated and thermally expands in a similar predictable and reliable 
manner under appropriate conditions for the application. Some possible materials include, 
but are not limited to, heat-activated formulations based on polymers such as polyolefin 
materials, copolymers and terpolymers with at least one monomer type an alpha-olefin, 
30 phenol/formaldehyde materials, phenoxy materials, and polyurethane materials with high 
glass transition (typically greater than 70 degrees Celsius). 

An important consideration involved with the selection and formulation of the heat- 
activated, thermally expanding material used to form the foam layers 1 06, 1 08 is the 
temperature at which a material reaction or expansion, and possibly curing, will take place. 
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For instance, in most applications, it is undesirable for the material to be reactive at room 
temperature. More typically, the foam layers 106, 108 will instead become reactive at higher 
processing temperatures, such as those encountered in an automobile assembly plant. While 
temperatures encountered in an automobile assembly operation may be in the range of 148.89 

5 °C to 204.44 °C (300 °F to 400 °F), body and paint shop applications are commonly about 
1 15 °C (239 °F) or slightly higher. If needed, blowing agent activators can be incorporated 
into the composition to cause expansion at lower temperatures. 

Figures 3 through 5 illustrate how the reinforcement assembly 100 is placed and 
secured inside a tube structure 300. In Figure 3, the reinforcement assembly 100 is shown 

10 being pushed into a narrower cavity section 302 of the tube structure 300, causing the 

deflecting wings 104 to move toward a compressed position to accommodate the narrower 
space. Figure 4 shows the assembly 100 at the desired area to be reinforced 304, which is 
shown in this example to have a larger cross-sectional area than section 302. As shown in 
Figure 4, the spring-biasing force of the wings 104 push the wings 104 outward, toward the 

15 extended position. As a result, the assembly 100 is held securely in the desired area by the 
wings 104. Figure 5 shows the assembly 100 after the structural foam layers 106, 108 have 
been expanded. As can be seen in the Figure, one foam layer 1 06 expands to fill the area 
between the wing 1 04 and the inner wall of the tube being reinforced, and the other foam 
layer 108 expands to fill the space between the wing 104 and the carrier 102 of the assembly 

20 100 to form a generally solid structural foam block between the carrier 102 and the inner wall 
of the cavity. The expanded foam 106, 108 preferably bonds with the tube and the carrier, 
respectively, either through the foam formulation or through a separate adhesive, as noted 
above. The structural foam 106, 108 surrounds the assembly 100, holding it in place and 
providing reinforcement of the tube. As a result, the structural foam 106, 108 dissipates the 

25 forces encountered by the tube 300 at the reinforcement point 304 over a larger area. 

The inventive device allows precise, easy placement of a reinforcement assembly into 
a complex tube structure by allowing the total dimensions of the assembly, via deflecting 
wings 1 04, to accommodate varying tube structure dimensions and configurations. Further, 
the relatively hollow cross-section of the assembly 1 00 and the placement of the structural 

30 foam minimizes the amount of material needed to reinforce the tube structure, reducing both 
the weight and the cost of the reinforcement. 

It should be understood that various alternatives to the embodiments of the invention 
* described herein may be employed in practicing the invention. It is intended that the 
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following claims define the scope of the invention and that the method and apparatus within 
the scope of these claims and their equivalents be covered thereby. 
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1 . A reinforcement assembly for a tube, comprising: 
5 a carrier; 

at least one wing attached to the carrier, the wing being deflectable between an 
extended position and a compressed position to fit within the tube and being biased in the 
extended position; and 

a structural foam layer disposed on a surface of said at least one wing, wherein the 
10 structural foam layer is expandable to hold the reinforcement assembly within the tube. 

2. The reinforcement assembly of claim 1, wherein said structural foam layer is 
disposed on the surface of said at least one wing such that the structural foam expands in 
between said wing and an inner wall of the tube. 

15 

3. The reinforcement assembly of claim 1, wherein said structural foam layer is 
disposed on the surface of said at least one wing such that the structural foam expands in 
between said wing and said carrier of the reinforcement assembly. 

20 4. The reinforcement assembly of claim 1, wherein said structural foam layer is a 

first structural foam layer disposed on a first surface of said at least one wing and wherein the 
reinforcement assembly further comprises a second structural foam layer disposed on a 
second surface of said at least one wing, wherein the first structural foam layer is expandable 
between said at least one wing and an inner wall of the tube and the second structural foam 

25 layer is expandable between said at least one wing and said carrier of the reinforcement 
assembly. 

5. The reinforcement assembly of claim 1, wherein at least one of said carrier 
and said at least one wing are made of polymer. 

30 

6. The reinforcement assembly of claim 5, wherein the polymer is selected from 
the group consisting of nylon, polysulfone, and polyester. 
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7. The reinforcement assembly of claim 1, wherein at least one of said carrier 
and said at least one wing are made of metal. 



8. The reinforcement assembly of claim 7, wherein the metal is one selected 
5 from the group consisting of steel, aluminum, magnesium, cast iron, and titanium. 

9. A reinforcement assembly for a tube, comprising: 
a carrier; 

a plurality of wings attached to the carrier, each wing being deflectable between an 
10 extended position and a compressed position to fit within the tube and being biased in the 
extended position; and 

a structural foam layer disposed on a surface of each wing, wherein the structural 
foam layer is expandable to hold the reinforcement assembly within the tube. 

15 10. The reinforcement assembly of claim 9, wherein said structural foam layer is 

disposed on the surface of each wing such that the structural foam expands in between the 
wing and an inner wall of the tube. 

1 1 . The reinforcement assembly of claim 9, wherein said structural foam layer is 
20 disposed on the surface of each wing such that the structural foam expands in between said 

wing and said carrier of the tube reinforcement assembly. 

12. The reinforcement assembly of claim 9, wherein said structural foam layer is a 
first structural foam layer disposed on a first surface of each wing and further comprising a 

25 second structural foam layer disposed on a second surface of each wing, wherein the first 
structural foam layer is expandable between each wing and an inner wall of the tube and the 
second structural foam layer is expandable between each wing and said carrier of the tube 
reinforcement assembly. 

30 13. The reinforcement assembly of claim 9, wherein at least one of said carrier 

and said at least one wing are made of polymer. 

14. The reinforcement assembly of claim 13, wherein the polymer is selected from 
the group consisting of nylon, polysulfone, and polyester. 
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15. The reinforcement assembly of claim 9, wherein at least one of said carrier 
and said at least one panel are made of metal. 

16. The reinforcement assembly of claim 15, wherein the metal is one selected 
from the group consisting of steel, aluminum, cast iron, titanium and magnesium. 

17. The assembly of claim 9, wherein said tubular assembly and said wings are 
formed as a unitary assembly. 

1 8. The reinforcement of claim 9, wherein said plurality of wings are attached to 
said carrier by attaching said plurality of wings to a circumferential ring and attaching said 
circumferential ring to said carrier. 

19. The reinforcement assembly of claim 9, wherein said plurality of wings are 
disposed in a symmetrical fashion around said carrier. 

20. The reinforcement of claim 9, wherein at least one of said plurality of wings 
has at least one curved portion. 
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